INTRODUCTION
The German Primate Center Go$ ttingen (GPC) was established in 1978 as a biomedical institute for research on non-human primates. The centre is also engaged in the breeding and preservation of certain highly endangered primate species that are not intended for experimental use. One of these endangered species is the cotton-topped tamarin (Saguinus oedipus), a small neotropical primate of approximately 300-400 g body mass. The natural habitat of this primate is in the secondary forests of north-western Colombia. Habitat destruction by extensive deforestation has resulted in the dramatic decline of the wild S. oedipodis populations.
Since 1978, the GPC has housed a colony of approximately 60 cotton-topped tamarins with satisfactory breeding success. The animals are kept strictly indoors in small family groups for breeding purposes. Cotton- 
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The EMBL accession number for the 16S rDNA sequence of Brackiella oedipodis LMG 19451 T is AJ277742.
ences ; even minor environmental changes may cause transient diarrhoea. The most dramatic diseases of captive cotton-topped tamarins are mucoid colonic cancers and chronic colitis, both of unknown cause. Like all callitrichids, they are prone to mesangioproliferative nephropathies. Remarkable bacterial infections of the GPC cotton-topped tamarin colony in the past have been repeated clusters of Bordetella bronchiseptica bronchopneumonias, occasional Erysipelothrix rhusiopathiae septicaemias or Yersinia pseudotuberculosis intestinal infections.
During a routine post-mortem necropsy investigation of the heart of a cotton-topped tamarin, which had suddenly died during a tooth extraction, an unknown Gram-negative, oxidase-positive, rod-shaped bacterium was isolated. The captive-bred male tamarin had not previously displayed any obvious signs of disease when it died aged 10 years, 4 months and 12 d. It had lived behind a barrier system at 25-27 mC and 70 % humidity and was fed on a diet of commercial marmoset pellets, enriched by cream cheese and a variety of fruits depending on the season. During its life, it suffered from several bouts of diarrhoea, common with all tamarins. When such infections were shown to be associated with Giardia lamblia or Campylobacter, they were successfully treated with
A. Willems and others antibiotics or probiotics (Symbioflor 1 ; Symbiopharm). The monkey sired several offspring, the last ones being 40 d before its sudden death.
The bacterium isolated from the heart tissue could not be assigned to any of the known bacterial species or genera. In this paper, isolation and characterization of this organism by 16S rDNA analysis, analysis of whole-cell proteins by SDS-PAGE, fatty acid analysis, characterization of the outer-membrane proteins (OMPs), iron-regulated outer-membrane proteins (IROMPs) and siderophore production as well as lipopolysaccharides (LPSs) and Fourier-transform IR (FT-IR) spectra are reported. Based on these findings, creation of a novel genus and species for this organism, Brackiella oedipodis gen. nov., sp. nov., in the β-Proteobacteria is proposed.
METHODS
Isolation of the organism. Dissection of the dead cottontopped tamarin was performed immediately after its sudden death according to the standardized GPC protocol. In this case, bacteriological examination was limited to the heart only, because the abdominal cavity was opened without sterile precautions assuming an intestinal neoplastic condition from the colony and individual anamnesis. That assumption, however, was not confirmed by the necropsy results. Instead, at thoracotomy, cardiomegaly and chronic epicarditis were evident with at least the latter requiring bacteriological examination. The cardiac surface was heatsterilized immediately following thoracotomy, the left ventricle was opened using a sterile scalpel and a loop of cardiac blood was streaked onto the surface of a Columbia agar plate for initial cultivation and purification. Cultivation under aerobic conditions was at 37 mC for 24 h. Light microscopy. Overall cell morphology was examined by phase-contrast microscopy (Nikon Optiphot 2) with an oilimmersion objective lens and by Gram-staining.
Electron microscopy. After 2 d growth, a few colonies were removed from the surface of the blood agar plate and gently suspended in distilled water. Negative staining of the bacteria followed routine techniques using 400 mesh copper grids, covered with Pioloform, reinforced with a 15 nm layer of carbon and made hydrophilic before use by a glow discharge (Gelderblom et al., 1985) . Cells were adsorbed from a 50 µl droplet of the bacterial suspension on the grids and negatively contrasted using 1 % uranyl acetate and evaluated at 80 kV under a Zeiss EM 10 A transmission electron microscope. Measurements were made on the electron microscopy negatives using a 10-fold magnifying lens.
Phenotypic characterization. Physiological and biochemical characteristics were investigated by classical methods (Murray et al., 1999 ; Vandamme et al., 1998) Analysis of proteins by SDS-PAGE. Bacteria were grown on buffered nutrient agar at 37 mC for 48 h. Cellular protein extracts were prepared as described previously (Pot et al., 1994) . SDS-PAGE, digitization, normalization and numerical analyses of the protein patterns were performed with  4.0 software (Applied Maths, Kortrijk, Belgium) as described by Pot et al. (1994) .
Sequencing and phylogenetic analysis of the 16S rDNA. A large part (corresponding to positions 39-1521 of the E. coli rDNA) of the 16S rRNA gene sequences was amplified by PCR using conserved primers 5h-CTGGCTCAGGAYGA-ACGCTG (19-38) and 5h-AAGGAGGTGATCCAGCCG-CA (1522-1541). The PCR product was purified using a Qiaquick PCR purification kit (Qiagen) and sequenced using conserved primers and a BigDye Dideoxy Terminator Cycle Sequencing kit (PE Biosystems) and an ABI 310 Genetic Analyzer (PE Biosystems) according to the manufacturer's instructions. The consensus sequence was constructed using the  software (PE Biosystems). A  search was performed to identify the sequences most similar to the new data. Sequences of related taxa were retrieved from the EMBL database for comparison. Sequences were aligned using the program  of the GCG software (Devereux et al., 1984) and phylogenetic analyses were performed using the  package ( Van de Peer & De Wachter, 1994) . Distances were calculated using the Kimura correction and clustering was performed with the neighbourjoining algorithm. Bootstrap analysis was performed using 500 replications.
Siderophore production. Production of siderophores was verified by cross-feeding tests using the siderophore-indicator strains E. coli AB 2847 and S. typhimurium enb-7 (phenolate-and hydroxamate-type siderophores), E. coli
LG 1522 (aerobactin), Pseudomonas aeruginosa PAO 6609 (phenolate-and hydroxamate-siderophores, pyoverdins, pyochelin) and M. flavescens JG-9 (hydroxamate-type siderophores, α-keto-\α-hydroxy acids) according to Reissbrodt et al. (1993 Reissbrodt et al. ( , 1997 . A suspension of the isolate was ironstarved in Tris-succinate buffer, pH 7n3, and placed onto the surface of the controlled cross-feeding plates mentioned above. These plates were incubated at 30 mC (M. flavescens JG-9, Pseudomonas aeruginosa PAO 6609) or at 37 mC (E. coli and S. typhimurium strains) for 48 h in a candle jar.
Antibiotic susceptibility testing. The susceptibility of the isolate to antimicrobial agents (minimum inhibitory concentration) was investigated according the methodology of the National Committee for Clinical Laboratory Standards (1998).
Analysis of OMPs and IROMPs by SDS-PAGE.
Bacteria were grown on tryptic soy agar (Becton-Dickinson) for OMP analysis and on the same medium containing 0n4 mM ethylene-di-(o-hydroxyphenylacetic acid) for IROMP analysis at 37 mC for 48 h in a candle jar. Protein extracts and SDS-PAGE were prepared according to Lugtenberg et al. (1975) . The molecular mass standard was from the LMW electrophoresis kit 17-0446-01 (Amersham Pharmacia Biotech).
Analysis of LPS pattern. Bacteria were grown on tryptic soy agar at 37 mC for 24 h and the LPS were isolated as described by Achtman et al. (1983) . Electrophoresis was carried out according to Lugtenberg et al. (1975) . Gels were stained with an alkaline AgNO $ solution according to Tsai & Frasch (1982) . Additionally, the gels were scanned using an imaging densitometer GS 700 (Bio-Rad) at 550 nm.
Fatty acid profile. The isolate was grown on tryptic soy agar at 37 mC for 24 h. Bacterial cells (about 40 mg) were harvested from the third quadrant of a four quadrant streaking pattern with a 4 mm loop and placed in culture tubes. Saponification took place on heating in aqueous methanolic 15 % sodium hydroxide, methylation in aqueous methanolic 6n0 M hydrochloric acid and extraction in hexane\methyl tert-butyl ether according to the protocol given in Technical note 101 of the MIDI microbial identification system. GC was performed with a Hewlett-Packard HP5890A and an HP3392A integrator. Peaks were calibrated and named using the external calibration mixture HP 19298-60500 (Hewlett-Packard). Evaluation and matching were performed using the aerobe (TSBA) and the clinical aerobe database of the MIDI system (version 3.8).
FT-IR measurements. Bacteria were grown for 24 h at 37 mC on caso agar plates (Merckoplate ; Merck). From the confluent growth of the third quadrant of a four-quadrant streaking pattern, 1 loopful (1 mm in diameter ; " 200 µg) was suspended in 80 µl distilled water. A portion (35 µl) of this suspension was transferred to a preformed sample area on a zinc selenite optical plate of a multisample cuvette and dried in vacuo at about 3n5 kPa to get a transparent film. Spectra were taken at 4000-500 cm − " using the FT-IR spectrometer IFS-28\B (Bruker) and recorded in absorbance units (A). A total of 128 interferograms per sample was added together and averaged for each spectrum. The spectral resolution was 6 cm − ". All recordings were performed using three individual samples and subsequently averaged after minimum-maximum normalization between 0 and 2 A of the spectra. Cluster analysis was performed using the first derivative. The specific information content in the spectral windows of 3000-2800 cm − " [weighting (W) l 1n0 ; fatty acid region I], 1200-900 cm − " (W l 3n0 ; polysaccharide region) and 900-700 cm − " (W l 1n0 ; true ' fingerprint ' region) was used in ' Ward's ' algorithm (Helm et al., 1991) .
RESULTS

Necropsy observations
The most conspicuous finding at necropsy was a distinctively enlarged heart with left-sided dilatation and right-sided ventricular hypertrophy. Histopatho- logically, this was seen as a diffuse, advanced chronicpurulent epicarditis and thrombo-embolic endocarditis. Cardiac lesions were accompanied by scattered alveolar heart-failure cells and a marked alveolar oedema of the lung. All other organic lesions (mesangioproliferative nephropathy, extramedullary haematopoiesis) were less conspicuous, since they are common in all Callitrichidae.
Morphological and phenotypic characterization
Cells were non-motile and appeared as Gram-negative coccoid rods by light microscopy. By transmission electron microscopy, individual cells appeared slightly ovoid and measured 0n9i1n1 µm, whereas growing cells immediately before division measured up to 1n8 µm in length. Bacteria did not show any flagella, but were surrounded by densely studded fimbriae 280 nm in length (Fig. 1) .
The isolate grew on blood agar (e.g. tryptic soy agar with 5 % sheep blood) under aerobic conditions. Growth was better in a candle jar, but the isolate would not grow under anaerobic conditions. Growth was observed at incubation temperatures in the range 30-37 mC, but no growth was seen at 4, 20 or 42 mC. After 24 h incubation, two types of colonies were observed : a small type (colony diameter up to 0n5 mm) and a large type (colony diameter up to 1 mm). After 2 d growth, colonies of both types attained diameters of 1-2 mm. No haemolysis of sheep blood erythrocytes was noticed. Colonies appeared greyish-white, slightly crumbled and brittling during inoculation procedures.
Results of the biochemical reactions tested are given in the species description and Table 1 . Utilization of different C sources was checked by the Biolog identification system (GN MicroPlate, release 3.5) and according to the Biolog system database, the species most similar to the new isolate was Comamonas terrigena. A detailed list of carbon sources used is provided in the species description. 
Characteristic 1 2 3 4 5 6 7 8
Growth at 42 mC 
Analysis of proteins by SDS-PAGE
Protein extracts were prepared from the two colony types of Brackiella oedipodis and comparison of their SDS-PAGE profiles (Fig. 2) revealed that these were identical. However, comparison of the protein patterns with those previously determined for various Comamonas strains (Willems et al., 1991) revealed little similarity with these organisms (data not shown). 
Analysis of 16S rDNA
The newly determined 16S rDNA sequence consisted of 1473 nt. A  search in the EMBL nucleic acid sequence database revealed the organism to be a member of the β-Proteobacteria. Its closest neighbours were the genera Taylorella, Pelistega, Alcaligenes, Achromobacter and Bordetella. The new sequence showed 92-93 % homology to sequences of members of these genera retrieved from the EMBL database. A dendrogram showing the phylogenetic position of the isolate among these and related organisms is shown in Fig. 3 .
Siderophore production
The isolate grew well on all of the cross-feeding plates tested but did not produce any growth zone of siderophore-indicator strains.
Brackiella oedipodis gen. nov., sp. nov. 
Susceptibility to antimicrobial agents
The isolate was susceptible to all of the following antimicrobials tested : amikacin, ampicillin, cefotaxime, cefotiam, cefoxitin, ceftazidime, chloramphenicol, ciprofloxacin, gentamicin, kanamycin, mezlocillin, mezlocillin\sulbactam, nalidixic acid, tetracycline, streptomycin, sulfamerazine and trimethoprim\sulf-amerazine.
Analysis of OMPs and IROMPs
The new isolate produced one major OMP of 45 kDa and a further three minor OMPs of lower molecular masses. Production of OMPs was reduced under irondepleted conditions ; formation of higher amounts of three IROMPs of the typical molecular mass range (69-92 kDa) was observed. In contrast, Alcaligenes faecalis subsp. faecalis DSM 30030 T produced significantly different OMPs and IROMPs compared to the new isolate. The major OMP exhibited a molecular mass of 38 kDa and at least five IROMPs of the typical molecular mass range could be detected.
Analysis of the LPS pattern
The LPS pattern of the new isolate was different to that of Alcaligenes faecalis subsp. faecalis DSM 30030 T . Both species produced a ladder exhibiting repeating units of polysaccharide structures, but the patterns differed, particularly in the range 13-21 kDa. Additionally, the LPS pattern of Alcaligenes faecalis subsp. faecalis DSM 30030 T differed in the presence of one strong band at 8n4 kDa, whereas the new isolate formed two bands in this region. The new isolate possessed further bands at 10 and 12 kDa and additional minor bands in the range 21-26 kDa.
Fatty acid profile
No significant similarity to a known bacterial taxon could be detected using the libraries of the MIDI system to evaluate the fatty acid profile of the new isolate ( Table 2 ). The closest match was Oligella ureolytica (similarity index 0.363, clinical aerobe library), pointing to the genera Oligella, Taylorella, Alcaligenes or Bordetella (Rossau et al., 1987) .
FT-IR spectra
FT-IR spectra were recorded for several bacterial strains representing taxa shown to be relatives of the new isolate by 16S rDNA sequence analysis. Cluster analysis using the first derivatives of the FT-IR spectra is shown in Fig. 4 . Results point to significant differences between the taxa studied.
DISCUSSION
A Gram-negative, oxidase-positive, rod-shaped bacterium was isolated from the heart of a cotton-topped tamarin that had died suddenly. Clinically relevant cardiac diseases are generally quite rare in non-human primates, although age-related myocardial fibrosis can be found and, in general, cardiopathology is frequently found in macaques as a result of experimental human\ simian immunodeficiency virus infections. Bacterial infections of the heart are, however, rarely observed in non-human primates.
Upon isolation, two colony types on culture plates were obtained, but these were shown to represent the same strain by SDS-PAGE analysis of proteins (Fig.  2) . Also, in biochemical tests both colony types behaved identically. The initial identification of the isolate by the Biolog system as C. terrigena (similarity 83n2 %) was not satisfactory for two reasons : i) a reliable species identification would need much greater similarity ( 95 %) ; and ii) C. terrigena has not been reported to be a causative agent of endo-or epicarditis. SDS-PAGE protein analysis also revealed no significant similarity with Comamonas strains (data not shown). Therefore, the nearly complete 16S rDNA sequence of the isolate was determined. Phylogenetic analysis revealed that the organism belongs to the β-Proteobacteria and is related to the genera Alcaligenes, Achromobacter, Bordetella, Taylorella and Pelistega.
The sequence similarity with these taxa was 91n9-93n3 % and, therefore, the new isolate forms a separate line of descent within this group (Fig. 3) . Distinctiveness of the new isolate from related members of the β-Proteobacteria is further corroborated by phenotypic and fatty acid analyses (Tables 1 and 2) and FT-IR spectroscopy (Fig. 4) . Creation of a new genus and species, Brackiella oedipodis gen. nov., sp. nov., is therefore proposed for the tamarin isolate. It can be distinguished from its closest relatives by a number of basic phenotypic characteristics as listed in Table 1 . Furthermore, production of acid from maltose and -mannose by Brackiella oedipodis is also a significant difference. Achromobacter xylosoxidans subsp. xylosoxidans species utilize -glucose and -xylose . In contrast, Brackiella oedipodis, as well as the other taxa listed in Table 1 , do not use these carbohydrates. Characterization of OMPs, IROMPs and LPS patterns clearly separate Brackiella oedipodis from Alcaligenes faecalis, Bordetella pertussis, pseudomonads and Enterobacteriaceae (Agiato & Dyer, 1992 ; Anwar et al., 1991 ; Griffiths & Williams, 1999 ; Hitchcock & Brown, 1983) . Although Brackiella oedipodis produced typical IROMPs responsible for transport of siderophores, no siderophores (catecholate-type, hydroxamate-type siderophores or α-keto-\α-hydroxy acids tested) could be detected by the cross-feeding tests. The common siderophore-indicator strain Pseudomonas aeruginosa PAO 6609, additionally indicating pyoverdins and pyochelin produced from pseudomonads, also did not indicate any siderophore-mediated growth.
The Alcaligenaceae-Oligella-Taylorella rRNA cluster belongs to the β-Proteobacteria. The family Alcaligenaceae consists of the genera Alcaligenes and Bordetella (De Ley et al., 1986) . Bordetella pertussis and Bordetella parapertussis are the causal agents of whooping cough in humans. Bordetella bronchiseptica, the causative agent of kennel cough in dogs, also causes bronchopneumonias in callitrichids, including cottontopped tamarins. Bordetella avium is the causal agent of rhinotracheitis in turkey poults . Extensive phenotypic and genotypic data have shown that two other genera, Oligella and Taylorella, are neighbours of the family Alcaligenaceae (Rossau et al., 1987) . Oligella strains appear as small, fastidious rods which only use a few organic and amino acids and are otherwise biochemically rather inert. Oligella urethralis strains are mainly isolated from human urine ; their pathogenicity is unknown (Rossau et al., 1987) . T. equigenitalis is the causal agent of endometritis and cervicitis in mares. Pelistega europaea, the main causative agent of infections of the respiratory tract of pigeons is a close phylogenetic neighbour of T. equigenitalis. Pelistega europaea differs significantly from Brackiella by 16S rDNA analysis (Fig. 3) and by the characteristics listed in Table 1 . Dyson et al. (1999) summarized 128 cases of endocarditis in humans. Members of the Alcaligenaceae or related genera were not detected in any of these. Therefore, Brackiella oedipodis is the first member of this phylogenetic group to be associated with endocarditis. Its source and route of transmission are unknown at present. Brackiella oedipodis (oe.di.pohdis. N.L. gen. n. oedipodis referring to the first isolation source, the tamarin Saguinus oedipus). The description of Brackiella oedipodis is the same as that given for the genus. Colonies on tryptic soy blood agar are greyish-white, slightly rough with a diameter of 1-2 mm after 2 d growth at 37 mC with no haemolysis. Similar growth observed on tryptic soy agar (light-white colonies of the same size), bile-chrysoidinglycerol agar according to Ziesche! et al. (1985) (greenblue colonies of about 1 mm in diameter), King A agar (no pigmentation and no fluorescence under UV 365 nm), Tween 80 agar, gelatinase agar, starch agar, CDM-H agar (a chemically defined medium ; Flossmann et al., 1984) . Good growth in nutrient broth and in tryptic soy broth at 37 mC for 24 h. No growth on
